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The  major  characteristic  that  first  appeared  m  the  Washington 
tests — that  the  correlation  of  clear  (not  overlapped)  replies  is 
only  78X — was  confirmed  in  the  Los  Angeles  flights.  This  low  reply 
probability  appears  to  be  present  only  for  BCAS,  not  ARTS.  It  is 
not  strongly  influenced  by  the  transmitter  power  level  nor  by  the 
interrogation-suppression  protocol. 


As  surmised  at  the  end  of  the  Washington  tests  this  characteristic 
was  attributed  to  a  combination  of  multipath  and  the  shielding  of 
the  ATCRBS  target  aircrafts'  antenna  by  its  fuselage.  Further  tests 
made  with  a  combination  of  the  BCAS  aircraft  and  the  M.I.T.  Lincoln 
Laboratory's  Airborne  Measurements  Facility  (AMF)  confirmed  this 
theory  and  added  a  quantitative  understanding  of  the  phenomenon. 
From  that,  the  suggestion  of  using  Whisper/Shout  to  reduce  the 
effects  of  multipath  arose.  This  and  other  steps  appear  to  offer 
fruitful  potential  for  further  improvements. 

An  important  conclusion  that  can  be  drawn  from  the  Los  Angeles 
flight  test  data  is  that  the  performance  of  the  DABS  mode  against 
diversity  transponders  is  of  high  integrity  and  is  not  degraded  by 
the  large  population  of  ATCRBS  equipped  aircraft  that  were  present. 
Since  DABS  is  garble  free,  any  number  of  interrogators  and 
transponders  could  be  flown  with  no  degradation  of  the  DABS 
performance.  However,  the  DABS  fruit  and  ATCRBS  suppressions  caused 
by  a  large  number  of  DABS  interrogations  could  possibly  interfere 
with  the  ground  ATCRBS  system.  This  problem  was  examined  in 
Reference  8,  where  an  interference  limiting  algorithm  is  described 
which  precludes  such  possibility.  Performing  the  error  correction 
in  software  is  wasteful  of  computer  resources,  and  is  not  considered 
advisable. 
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Technical  conditions  under  which  the  ATCRBS  mode  of  the  test-bed 
system  is  effective  also  were  shown;  namely,  that  the  level  of 
traffic  be  about  as  represented  by  the  Washington,  D.C.  area  or 
less,  and  that  the  other  aircraft  be  within  the  altitude  range  of 
2000  ft  below  to  5000  ft  above  the  BCAS  aircraft.  The  former 
condition  is  a  characteristic  of  the  ATCRBS  mode's  dependence  on 
traffic  density,  the  latter  condition  is  a  characteristic  of  the 
non-diversity  antenna  system  that  is  deployed  on  the  present 
transponder  equipped  fleet.  Stressing  the  ATCRBS  mode  in  the  Los 
Angeles  area,  the  measured  effectiveness  of  the  test-bed  system  for 
the  set  of  one-on-one  '.’Counters  flown  was  found  to  drop  from  about 
1002  to  about  802.  At  the  same  time  a  minor  change  in  the  algorithm 
was  found  which  would  preclude  tl»?  generation  of  a  large  number  of 
false  alarms  (alarms  caused  by  phantom  tracks).  Specific 
improvements  to  the  experimental  equipment  are  noted  for  guidance  to 
obtain  a  higher  level  of  performance  for  future  equipment. 
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RECOMMENDATIONS 


The  improvements ,  beyond  the  test-bed  feasibility  equipment,  listed 
below  are  some  of  the  measures  that  should  next  be  explored  both  to 
improve  the  detection  capability  and  to  reduce  the  number  of  false 
alarms. 


1.  Improve  the  IF  response. 

2.  Revise  the  application  of  Whisper/Shout  to  alleviate 

multipath  rather  than  synchronous  garble. 

3.  Require  a  track  confidence  level  of  at  least  75Z  before 

using  it  in  threat  detection. 

4.  When  a  reply  is  in  the  clear,  place  a  high  degree  of 

confidence  in  it  and  short-cut  the  track  establishment  and 
altitude  correction  procedures. 

5.  Reduce  the  track  blooms  by  limiting  the  number  of  new  tracks 
permitted  to  start  simultaneously  at  approximately  the  same 
range. 

6.  Accommodate  the  possibility  of  a  slightly  non-periodic 
interrogation  sequence  to  accommodate  some  degree  of  overloading. 

7.  Include  an  estimate  of  altitude  rate  when  starting  new 

tracks. 
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INTRODUCTION 

1.1  History 

The  omnidirectional,  ATCRBS  form  of  active  BCAS  system  was  first 
proposed  by  the  MITRE  Corporation  in  1975  (Reference  1).  It  was 
decided  that  NAFEC  would  build  and  test  such  a  system  with  MITRE 
furnishing  technical  assistance.  This  task  was  completed  later 
that  year,  and  it  was  tested  and  improved  through  1977.  The 
results  of  flights  at  NAFEC  and  in  the  Washington,  D.C.  area  are 
described  in  subsequent  reports  by  NAFEC  and  MITRE  (References  2 
and  3) . 

In  1977,  a  DABS  capability  was  added  to  the  Active  BCAS,  with 
MITRE  and  the  M.I.T.  Lincoln  Laboratory  furnishing  the  technical 
assistance  on  the  ATCRBS  and  DABS  modes  respectively  (References 
4,  5  and  6).  This  system  is  the  one  that  was  flown  during 
February  and  May  1978  in  Los  Angeles  and  whose  performance  is 
described  in  this  report. 

In  1978,  M.I.T.  Lincoln  Laboratory  was  given  the  task  of 
developing  and  constructing  an  improved  version  of  the  Active 
BCAS,  packaged  so  that  it  could  be  flown  under  operational 
conditions,  but  functionally  derived  from  the  Active  BCAS  test 
bed.  In  other  words,  the  Active  BCAS  that  will  be  produced 
should  perform  at  least  as  well  as  that  given  in  this  report. 

1.2  Rationale  for  Testing  in  Los  Angeles 

The  BCAS  flight  tests  at  NAFEC  and  in  the  Washington  area 
(ATCRBS  mode)  showed  that  the  Active  BCAS  had  regions  of  weak 
coverage,  but  it  never  missed  a  simulated  collision  (one-on-one 
encounter  with  400  ft  altitude  separation  between  aircraft). 
The  areas  of  weak  coverage  were  in  regions  that  under  many 
conditions  would  not  prevent  a  25  second  alarm  before 
collision.  However,  the  traffic  was  not  dense  enough  for  the 


1-1 


.A 


Whisper/ Shout  degarbling  technique  (Reference  3)  to  show  any 
meaningful  improvement  over  the  basic  BCAS.  Since  Los  Angeles 
has  the  highest  density  of  aircraft  in  the  world,  it  was  felt 
that  the  limits  of  BCAS  performance  in  synchronous  garble  could 
best  be  determined  there. 

The  environment  at  Los  Angeles  is  characterized  by  a  mean 
density  of  8  altitude  reporting  aircraft  within  10  nmi,  peaking 
up  to  19.  The  fruit  rate  averaged  at  about  20,000  fruit/sec, 
but  on  occasion  went  above  30,000  fruit/sec.  The  average  number 
of  overlapping  replies  was  2.4  (peaking  to  10)  when  all  aircraft 
within  10  nmi  were  included.  Within  5  nmi,  the  average  nund>er 
of  overlaps  was  1.8,  with  a  peak  of  10. 

While  it  is  not  intended  that  active  BCAS  would  operate 
unconstrained  in  a  very  high  density  environment,  the  tests  in 
Washington  and  Los  Angeles  were  run  to  ascertain  the  limits  of 
technical  performance.  As  contrasted  to  technical  performance, 
operation  as  an  element  of  the  ATC  system  includes  many  other 
considerations  that  are  not  treated  in  this  report. 

1.3  Test  Bed  Configuration 
1.3.1  DABS 

The  DABS  portion  of  Active  BCAS  acquires  and  tracks  DABS 
*nd  coordinates  escape  maneuvers.  Squitters  from  the 
DABS  transponders  on  the  test  aircraft  permit  acquisition;  DABS 
interrogations  via  DPSK  modulation  permit  both  tracking  and 
communication  of  intent.  The  algorithms  used  were  an  early  form 
designed  by  H.I.T.  Lincoln  Laboratory  and  are  described  in 
Reference  5. 
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The  DABS  mode  shared  the  airborne  computer  with  the  ATCRBS  mode 
and  occupied  about  half  of  the  computer  storage  and  computa¬ 
tional  capacity  (a  significant  part  of  those  resources  were 
devoted  to  error  correction  in  software,  an  expedient  used  in  the 
test  bed  only). 


1.3.2  ATCRBS 

The  ATCRBS  mode  tested  in  Los  Angeles  was  essentially  the  same  as 
that  tested  in  Washington  and  NAFEC,  except  that  it  shared  the 
computer  with  DABS  for  some  of  the  flights.  One  operational  mode, 
used  in  most  of  the  May  flights,  was  to  interrogate  only  (no 
tracking)  while  in  the  air  and  to  record  the  reply  buffers.  The 
tracking  was  performed  later  on  the  ground  so  that  the  amount  of 
computer  time  required  could  be  assessed  independently  of  the 
inherent  performance. 

1.3. 2.1  Targets 

Two  different  types  of  tests  were  conducted  while  operating  in  the 
ATCRBS  mode.  In  one  series  of  tests  one-on-one  encounters  were 
flown  against  an  FAA  test  aircraft.  That  aircraft  was  tracked 
both  by  its  ATCRBS  returns  and  by  its  DABS  returns. 

In  other  tests  targets  of  opportunity  were  tracked  at  all 
altitudes  and  ranges  up  to  12  nmi.  These  tracks  were  compared 
with  ARTS  tracks  to  obtain  a  quantitative  measure  of  the  ATCRBS 
performance. 

1.3. 2. 2  Power  Programming  via  Whisper/Shout 

A  technique  to  reduce  synchronous  garble,  called  Whisper/Shout  was 
used  in  most  of  the  tests.  Data  for  Basic  ATCRBS  without 
Whisper/Shout,  was  also  collected  on  all  flights.  In  the  February 
tests  the  accompanying  electronically  controllable  attenuator 


burned  out,  precluding  the  collection  of  any  Whieper/Shout 
date.  The  deaign  was  subsequently  altered  somewhat  and,  in  the 
May  tests,  data  on  Whisper/Shout  was  collected. 

1.3. 2. 3  Interrogation  Power 

The  interrogation  power  used  in  the  February  tests  was  more  than 
2  kW  out  of  the  BCAS  interrogator,  the  same  as  used  in  the 
Washington  flights.  The  power  used  in  moat  of  the  May  flights 
was  reduced  to  what  was  considered  a  more  reasonable  level  of 
630  Watts  at  the  transmitter.  On  May  10  data  was  taken  at  both 
630  Watts  and  315  Watts  so  that  the  effect  of  transmitter  power 
could  be  studied. 

1.3. 2. 4  Program  Variations 

The  program  variables  studied  were  real-time  operation  vs. 
non-real -time,  ATCRBS  alone  va.  ATCRBS/DABS  combined,  and  ATCRBS 
track  size. 

The  non-real-time  operations  were  run  with  track  file  sizes  of 
75,  100,  and  200  tracks  to  determine  the  effect  of  computer 
size.  In  all  the  non-real-time  cases,  the  tracker  was  allowed 
to  take  as  much  time  as  needed  between  track  updates,  but  the 
time  needed  was  a  strong  function  of  the  size  of  the  track  file. 

1.3. 2. 5  Suppression  On  Top  Antenna 

During  the  Washington  area  flight  tests  a  suppression  was  issued 
on  the  top  antenna  a  few  microseconds  before  the  lower  antenna 
interrogation.  Some  analysis  indicated  that  this  could  possibly 
cause  a  lack  of  response  by  some  aircraft  below  the  BCAS 
aircraft.  Therefore,  the  suppression  was  eliminated  for  swat  of 
the  Los  Angeles  flights,  but  it  was  reinstalled  for  a  few 
flights  to  study  its  effect. 


1-4 


1.4  Test  Scenarios 

1.4.1  Two  Aircraft  Tests 

Two-aircraft  one-on-one  encounters  were  flown  both  directly  over 
LAX,  and  in  the  general  aviation  environment  of  Orange  County 
and  were  conducted  in  the  February  1978  series.  In  these 
flights  both  aircraft  had  BCAS  equipment  on  board  and  flew  at 
each  other  head-on,  or  at  right  angles,  with  an  altitude 
separation  of  400  ft.  The  two  aircraft  flew  at  7500  ft  over  LAX 
and  about  3500  ft  in  Orange  County.  In  moat  of  these  tests, 
both  aircraft  used  DABS  transponders  so  that  they  could  be 
tracked  via  the  DABS  mode  as  well  as  ATCRBS.  Due  to  a  DABS 
transponder  failure,  some  of  the  tests  were  flown  with  ATCRBS 
only,  which  fortuitously  allowed  a  comparison  between  one  system 
with  DABS  and  ATCRBS  modes  sharing  the  computer,  and  one  sytem 
with  ATCRBS  only. 

1.4.2  Single  Aircraft  Teats 

The  single  aircraft  tests  consisted  of  "figure-eights"  over  LAX, 
and  were  performed  in  May  of  1978.  It  was  during  these  tests 
that  most  of  the  parameter  variations  were  conducted. 
Whisper/Shout  was  run,  overall  power  variation  was  tried,  and 
the  suppression  on  the  top  antenna  was  varied.  During  most  of 
these  flights,  only  the  reply  buffers  were  recorded,  with  the 
tracking  performed  later.  By  doing  this,  we  were  able  to 
evaluate  the  effect  of  track  file  size  and  Whisper/ Shout,  all  on 
the  same  data. 

1.4.3  Fruit  Rate 

The  fruit  rate,  as  seen  by  the  BCAS  receiver  was  recorded  on 
each  flight.  This  was  accomplished  by  interrogating  in  Mode  D, 
which  practically  nc  transponder  answers  with  a  code  burst.  The 
"replies"  recorded  during  this  interval  thus  represent  an  upper 
bound  on  fruit.  Figure  1-1  is  a  plot  of  the  fruit  rate,  averaged 
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RECEIVER  THRESHOLD  -  -73  dBm 


over  30  seconds,  for  part  of  the  February  17  flight.  It  can  be 
seen  that  the  fruit  rate  is  quite  variable,  and  is  quite 
dependent  on  where  in  the  Los  Angeles  basin  the  test  aircraft 
is.  Figure  1-1  includes  two  passes  directly  over  LAX  airport 
(at  approximately  16  minutes  and  25  minutes). 

1.4.4  Receiver 

The  receiver  used  in  these  flight  tests  was  an  RT-868A/APX-76 
with  its  sensitivity  set  to  -73  or  -76  dBm  (depending  on  the 
flight).  This  receiver  was  followed  by  a  slightly  modified 
version  of  the  video  quantizer  used  in  the  DABS  sensor,  for 
extraction  of  range  and  reply  code.  This  receiver  performed 
both  DABS  and  ATCRBS  detection. 

The  major  deficiency  of  the  receiver  was  its  slow  rise  and  fall 
time  of  about  .5  microseconds.  This  in  itself  is  not  bad,  but 
the  DABS  sensor  was  designed  to  work  with  a  receiver  having  a 
rise  and  fall  time  of  less  than  .1  microsecond.  As  a 
consequence,  the  leading  and  trailing  edge  declarations  of  the 
sensor  were  not  quite  as  intended.  This  should  improve  in 
future  versions  of  the  hardware. 

The  cabling  losses  between  the  interrogator  and  the  antennas 
were  4.9  dB  for  the  top  antennas,  and  3  dB  for  the  lower 
antenna.  These  losses  result  in  the  following  characteristics 
of  the  630  Watt  transmitter  and  the  -73  dBm  receiver,  as  seen  at 
the  antenna: 

Antenna:  Top  Bottom 

Power:  200  Watts  316  Watts 

Sensitivity:  -68  dBm  -70  dBm 


2 .  PERFORMANCE 

2.1  DABS  Performance 

For  the  two-aircraft  tests  flown  in  February,  in  most  cases  DABS 
transponders  were  on  both  aircraft.  One  of  the  transponders 
performed  poorly  (that  on  board  aircraft  N49)  and  failed  near 
the  end  of  the  tests.  For  this  reason,  the  DABS  performance  in 
Figure  2-1,  is  displayed  only  for  the  properly  operating  unit. 
This  figure  shows  the  fraction  of  encounters  for  which  the  DABS 
mode  had  a  track,  at  all  ranges  up  to  12  nrai.  Only  closing 
encounters  were  used  so  that  the  time  to  establish  track  would 
be  correctly  discounted.  The  12  nmi  limit  was  arbitrarily 
chosen  as  the  maximum  range  at  which  BCAS  would  track.  Thus, 
the  range  limitation  is  not  due  to  power  limitations,  since  the 
interrogations  were  over  2  kW,  but  due  to  the  algorithm  cutoff 
at  12  nmi.  In  all  cases,  the  aircraft  had  an  airspeed  of  175 
knots.  It  can  be  seen  that  the  DABS  mode,  when  working  against 
a  properly  operating  DABS  transponder,  is  90%  effective  out  to 
10  nmi  and  at  least  95%  effective  out  to  8  nmi. 

Figures  2-2  through  2-6  show  some  typical  charts  of  the  DABS 
operation.  Figure  2-2  shows  the  number  of  DABS  aircraft  tracked 
as  the  test  aircraft  goes  through  its  figure  eight  flight 
path.  Two  encounters  are  shown  here;  the  target  was  tracked 
when  within  12  nmi  in  both  cases.  Figure  2-3  shows  the 
squitters  received  for  the  same  time  interval.  Most  of  the 
squitters  were  false,  caused  by  ATCRBS  fruit  combining  to  look 
like  a  DABS  preamble,  these  squitters  were  removed  from 
consideration  because  the  confidence  of  the  reply,  as  detected 
by  the  DABS  sensor,  was  too  low. 

Figure  2-4  shows  the  squitters  which  were  accepted  by  the 
system.  When  the  two  aircraft  were  far  apart  (from  time  0  to  10 
minutes)  most  of  the  squitters  were  from  BCAS's  own  transponder, 
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FIGURE  2-1 

PERFORMANCE  FOR  ONE-ON-ONE  ENCOUNTERS 
IN  THE  LOS  ANGELES  BASIN 


TJHE  IN  MINUTES 

FIGURE  2-3 

OF  PREAMBLE  DETECTIONS  IN  TYPICAL  FLIGHT  (FEBRUARY  17) 
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FIGURE  2-5 

INTERROGATION  RATE  IN  TYPICAL  FUGHT  (FEBRUARY  17) 
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but  when  they  were  near  to  each  other,  the  number  of  squitters 
doubled. 

The  operation  of  the  DABS  link  can  be  seen  in  Figures  2-5  and 
2-6.  Figure  2-5  shows  the  number  of  DABS  interrogations  per 
second.  As  an  expedient  in  the  test  equipment,  one  zero  address 
DABS  interrogation  was  transmitted  per  second  to  clear  the 
system,  and  therefore  the  number  of  interrogations  to  the  target 
is  one  less  than  the  curve.  Whenever  a  target  in  track  does  not 
answer  DABS  reinterrogates,  thus  the  number  of  interrogations 
can  exceed  two.  Figure  2-6  shows  the  number  of  detected  replies 
per  second.  This  shows  small  peaks  where  the  target  is  acquired 
and  discovered  to  be  out  of  range.  Then,  when  it  comes  within 
range,  the  curve  goes  above  one  and  stays  there  until  the  track 
is  dropped  at  12  nmi  outbound.  During  this  time  the  BCAS  will 
reinterrogate  if  the  error  correcting  code  cannot  correct  the 
received  errors,  or  if  the  reply  is  outside  the  predicted  range 
window.  The  track  is  also  reacquired  every  six  seconds,  which 
results  in  more  than  one  reply  per  second  on  the  average.  All 
the  points  on  the  curves  represent  the  per-second  data  averaged 
over  a  30  second  interval. 

2.2  ATCRBS  Performance 

There  are  two  primary  measures  of  BCAS  performance,  the 
probability  of  missing  an  encounter,  and  the  rate  of  false 
alarms.  A  false  alarm  is  any  alarm  that  is  generated  when  in 
fact  no  aircraft  is  within  the  stated  threat  volume.  We  first 
discuss  the  probability  of  missing  an  encounter,  or  more 
specifically,  the  probability  of  not  having  a  track  on  an 
intruder. 

2.2.1  ATCRBS  Effectiveness 

For  16  intentional  near-collision  encounters  in  the  Washington 
area  and  84  in  the  vicinity  of  NAFEC,  BCAS  was  found  to  be  able 
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to  track  the  test  aircraft  and  to  give  a  25  second  warning  every 
time;  and,  for  targets  of  opportunity,  it  was  able  to  track 
about  73%  of  all  ARTS-identif ied  aircraft  within  10  nmi  and  at 
all  altitudes.  In  Los  Angeles  an  essentially  identical  teat  of 
near-collision  encounters  was  conducted.  The  same  power 
(greater  than  2  kW)  was  used,  but  a  significantly  higher  density 
of  interfering  aircraft  was  present.  Figure  2-7  shows  that 
about  80%  of  these  one-on-one  encounters  were  tracked  within  6 
nmi,  but  there  was  a  rapid  decrease  in  effectiveness  beyond  8 
nmi,  which  was  not  observed  in  Washington.  The  data  in  Figure 
2-7  is  for  basic  BCAS  (no  Whisper/Shout).  However,  while  the 
data  in  Figure  2-7  is  for  a  real  time  operation  system  (tracking 
while  flying)  which  includes  any  problems  due  to  computer 
overload,  the  DABS  portion  had  been  shut  down  because  of  the 

previously  noted  DABS  transponder  failure.  When  the  DABS 
portion  was  sharing  the  computer  with  ATCRBS,  meaning  that 
ATCRBS  was  only  allotted  50  active  tracks  and  about  1/2  of  the 
computer  time,  the  ATCRBS  performance  was  severely  degraded,  but 
the  80%  performance  still  occurs,  at  close  range.  This  is  shown 
in  Figure  2-8.  The  impact  of  the  system  overload  is  thus  to 

reduce  the  effective  range  and,  quite  likely,  to  delay  an 
alarm.  Such  gradual  degradation,  as  contrasted  to  a  "system 
crash,"  is  an  important  characteristic  of  BCAS  to  enable  it  to 
recover  its  full  capability  quickly  after  passing  through  an 
excessively  dense  condition.  More  will  be  said  about  computer 
sizing  in  Section  2.4.4. 

Next,  we  look  at  Figure  2-9.  This  shows  the  effectiveness  of 
the  ATCRBS  mode  in  tracking  targets  of  opportunity  at  all 

relative  altitudes.  For  the  Los  Angeles  data,  this  represents 
4.23  hours  with  a  maximum  power  setting  of  630  Watts.  This 
figure  shows  that,  for  the  Basic  mode  within  5  nmi,  the 

performance  in  Los  Angeles  is  somewhat  worse  than  in  Washington. 


22  ENCOUNTERS 


IN  THE  LOS  ANGELES  BASIN 


J 


This  is  especially  so  in  the  region  0  to  5000  ft  above  the  BCAS 
aircraft.  There  the  performance  dropped  from  97Z  to  88Z.  At 
present,  the  cause  of  this  reduction  is  not  known. 

Performance  between  6  and  10  nmi  is  also  worse,  comparing  Los 
Angles  to  Washington.  This  is  caused  by  a  combination  of  more 
garble  in  Los  Angeles  and  the  reduction  in  overall  power  used  in 
Los  Angeles  from  2  kW  to  630  Watts.  Some  anomalies  also  appear 
in  the  Whisper/Shout  data;  this  is  discussed  further  in  Section 
2.4.1. 


Further  detailed  data  is  shown  for  reference  in  Appendix  A. 

2.2.2.  False  Alarms 

The  tracker  algorithm  used  in  BCAS  forms  tentative  tracks  on  any 
set  of  replies  or  fruit  that  looks  anything  like  a  track.  Then, 
as  time  goes  on,  these  tentative  tracks  are  purged  when  they  do 
not  continue  to  behave  as  a  reasonable  aircraft  track. 
Similarly,  altitude  "corrections"  are  made  quite  readily,  and 
these  corrections  are  purged  after  10  seconds  if  they  do  not 
correlate  better  than  the  original  track.  The  theory  is  that 
the  "phantom"  tracks  will  not  live  long  enough  to  become 
established,  which  occurs  after  25  to  30  seconds;  or  that 
phantom  altitude  corrections  will  not  correlate  better  than  the 
original  altitude.  Sometimes  these  expectations  are  not  met  and 
a  phantom  track  is  declared  established  and  is  sent  on  to  the 
threat  detector.  Usually,  the  phantom  is  at  the  same  range  as 
a  real  track  and  is  caused  by  difficulties  in  degarbling  the 
altitude  data.  A  phantom  track  is  a  BCAS  track  that  had  no 
corresponding  ARTS  track. 

To  obtain  some  assessment  of  the  false  alarm  rate,  we  took  each 
track  that  had  a  minimun  TAU  of  less  than  35  seconds  and  that  was 
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within  an  altitude  of  5000  ft  (at  that  time)  of  the  BCAS 
aircraft  and  displayed  the  count,  Figure  2-10.  Since  the  actual 
alarm  volume  (Reference  7)  is  considerably  smaller  than  this,  we 
proceeded  to  count  the  numbers  of  false  alarms  that  would  be 
generated.  The  result  was  8  false  alarms  in  Los  Angeles  (4 
positive  and  4  negative).  One  of  these  positive  alarms  was 
found  to  be  caused  by  a  "stuck  bit"  in  that  aircraft's  altitude 
encoder.  Not  counting  the  false  alarm  from  this  defective 
encoder  gives  a  rate  of  7  alarms  in  4.23  hours,  or  1.7 
alarms/hour  for  the  test-bed  BCAS  in  Los  Angeles.  The  tracks 
giving  rise  to  false  alarms  are  indicated  by  an  asterisk  in 
Figure  2-10. 

Similar  data  for  the  less  dense  Washington  area  showed  1  false 
alarm  in  1-1/4  hours  of  data*.  This  phantom  lasted  4  seconds. 
In  fact,  the  alarm  started  when  the  track  was  on  the  5th 
consecutive  coast  and  stopped  after  the  track  was  purged.  Since 
there  was  only  one  rather  shaky  false  alarm,  a  more  accurate 
estimate  of  the  false  alarm  rate  can  be  made  by  counting  the 
total  number  of  phantoms  in  Figure  2-10(a)  and  comparing  it  to 
the  Los  Angeles  data.  Thus  in  Figure  2-10(b)  there  were  45 
phantoms  and  7  false  alarms  (not  counting  the  aircraft  with  the 
"stuck  bit"),  therefore  the  5  phantoms  in  Washington  would  imply 
.8  false  alarms  in  the  1-1/4  hours  of  the  test,  or  about  .6 
false  alarms/hour.  This  is  not  too  different  from  the  estimate 
obtained  by  just  counting  the  false  alarms  directly. 


This  false  alarm  was  discovered  after  going  back  through  the 
Washington  data;  it  had  been  missed  when  Reference  3  was  written. 
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FIGURE  2-10 

ALTITUDE  AT  MINIMUM  TAU  FOR  PHANTOM  TRACKS 


In  Figure  2-11  the  false  alarms  are  shown  plotted  against  the 
average  density  of  transponder  equipped  aircraft.  The  values  of 
average  density  were  developed  from  BCAS  data,  which  provides 

the  average  density  of  aircraft  having  both  transponders  and 
encoders;  this  was  modified  by  data  produced  by  M.I.T.  Lincoln 
Laboratory  (Reference  10)  to  account  for  the  fraction  of 
transponders  without  altitude  encoders.  (These  factors  were  as 
follows:  in  Los  Angeles  482  of  transponders  had  encoders;  in 
Washington  722  of  transponders  had  encoders.)  Noting  that  the 
resultant  curve  has  a  large  linear  component  may  imply  that 
multipath  garble  is  the  major  cause  of  false  alarms,  rather  than 
other'  forms  of  garble,  which  would  be  expected  to  cause  a 

quadratic  variation. 

Looking  more  closely  at  the  tracks  that  caused  alarms,  both  real 
and  false,  a  significant  difference  is  apparent.  At  the  onset 
of  the  alarm,  the  confidence  level  (the  ratio  of  replies  to 
interrogations)  was  found  to  be  consistently  higher  for  real 
tracks  than  for  phantom  tracks.  Discounting  the  alarm  caused  by 
the  faulty  encoder  in  the  Los  Angeles  data,  all  but  one  false 
alarm  in  Los  Angeles  and  the  only  one  in  Washington  were  below 
752  confidence.  There  were  4  real  alarms  in  the  Los  Angeles 

data  (an  aircraft  penetrated  the  threat  volume);  all  of  these 
had  higher  than  752  confidence.  If  the  requirement  of  at  least 
752  confidence  were  imposed  before  a  track  would  be  used  in  the 
threat  detector,  then  the  curve  of  Figure  2-11  would  more  nearly 
resemble  the  dashed  line,  giving  an  estimated  rate  of  about  1 
alarm  in  7  hours  of  flying  in  the  Washington  TCA  environment, 

and  about  1  alarm  in  11  hours  in  a  reference  density  of  .02 
aircraft  per  square  nmi.  As  can  be  seen,  the  amount  of  data  is 
quite  small;  more  needs  to  be  collected. 
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2.3  Factors  Causing  Degradation  of  BCAS  Performance 
There  are  a  number  of  unavoidable  factors  which  are  detrimental 
to  BCAS  performance.  These  are  the  givens  of  the  system 
design.  In  this  section  we  try  to  give  specific  information  on 
how  detrimental  each  factor  is. 

2.3.1  Garble 

Garble  is  the  primary  enemy  of  the  ATCRBS  mode.  A  complicated 
tracking  algorithm  and  the  Whisper/Shout  interrogation  technique 
were  developed  just  to  fight  garble.  Therefore,  a  great  deal  of 
data  was  collected  to  see  how  well  BCAS  performs  in  various 
levels  of  garble.  An  accounting  procedure  was  set  up  so  that 
tracking  with  various  levels  of  synchronous  garble  could  be 
segregated.  Figure  2-12  shows  the  fraction  of  aircraft  seen  by 
ARTS  that  were  also  tracked  by  BCAS,  (called  association)  as  a 
function  of  the  number  of  overlapping  tracks,  as  determined  by 
the  ARTS  data.  For  the  basic  BCAS,  the  fraction  Btarts  at  71% 
for  no  overlaps  (it  is  this  low  because  it  includes  all  aircraft 
as  far  out  as  10  nmi  and  all  altitudes),  and  rapidly  falls  off. 
The  data  for  Whisper/Shout  starts  at  67%  but  degrades  much  less 
rapidly. 

We  also  displayed  the  fraction  of  BCAS  tracks  which  were 
correlated,  aa  opposed  to  coasted,  as  a  function  of  the  number 
of  overlaps,  determined  by  ARTS  data.  These  are  shown  in  Figure 
2-13,  in  this  case  we  see  that  there  is  a  negligible  gain  by 
Whisper/Shout,  at  most  a  few  percentage  points. 

From  these  figures  we  see  that  garble  does  drive  the  performance 
down  and  that  Whisper/Shout  does  help  increase  the  percentage  of 
aircraft  tracked  (but  apparently  not  the  correlation  of 
individual  tracks);  however,  garble  is  not  the  major  problem  in 
the  region  of  interest.  The  same  conclusion  was  drawn  from  the 
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CORRELATION  CHARACTERISTICS  OF  ASSOCIATED  BCAS 
TRACKS  (MAY  7, 8, 9) 


Washington  data.  This  is  apparent  because  the  tracks  with  no 
overlaps  do  not  correlate  very  well  (75X),  and  when  ARTS 
identifies  such  aircraft,  BCAS  tracks  them  only  7 1Z  of  the  time. 

Reviewing  the  data  in  detail  revealed  two  other  factors.  First, 
when  a  reply  is  in  the  clear  this  fact  is  known,  and  advantage 
could  be  taken  of  that  fact.  For  example,  the  "stuck  bit" 

phantom  track  was  not  garbled,  yet  all  of  the  tentative  tracks 
and  start-up  procedures  were  applied  at  each  jump  in  apparent 
altitude.  This  obviously  is  an  opportunity  for  improvement.  A 
second  observation  is  that  utilizing  the  altitude  rate  data 
available  when  starting  a  new  track  would  in  many  cases  provide 
a  quicker  startup.  The  present  algorithm  assumes  level  flight 

until  the  tracker  develops  its  own  altitude  rate  estimate. 

2.3.2  Density 

As  was  true  for  overlaps,  the  data  was  segregated  for  various 
aircraft  densities,  where  the  density  was  defined  to  be  the 
number  of  Mode  C  replying  aircraft  within  10  nmi  of  the  BCAS 

aircraft  (including  BCAS  aircraft),  as  determined  by  the  ARTS 

data.  Figure  2-14  shows  percent  association  as  a  function  of 
density.  We  see  that  the  best  performance  was  at  a  density  of 
3,  but  the  data  is  very  sparse  for  density  of  2.  As  the  density 
increases  the  performance  decreases,  but  not  as  sharply  as  with 
overlaps.  Thus  the  decrease  could  be  caused  by  the  accompanying 
increase  in  overlaps  with  increasing  density,  but  definitely  not 
by  limited  processing  time,  because  this  data  was  processed  in 
non-real  time  with  the  computer  allowed  to  take  as  long  as  it 
needed. 


Figure  2-15  shows  the  percent  correlation  vs.  density,  and  this 
performance  is  even  less  affected  by  density. 
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FIGURE  2-15 

BCAS  TRACK  CORRELATION  VS.  DENSITY  (MAY  7,  8,  9) 


2.3.3  Shielding 

During  Che  flight  Cests  at  NAFEC  and  Washington  it  was 
recognized  that  there  was  a  gap  in  coverage  directly  below  the 
BCAS  aircraft,  caused  by  the  use  of  bottom  mounted  transponder 
antennas  on  all  ATCRBS  equipped  aircraft.  The  BCAS  equipped 
aircraft  used  both  top  and  bottom  antennas  for  interrogations  so 
that  the  shielding  by  the  BCAS  aircraft  itself  is  minimized,  but 
nothing  can  be  done  about  the  shielding  by  the  target  aircraft. 
This  shielding  is  offset  when  both  aircraft  are  BCAS  equipped, 
because  the  DABS  transponder  (either  as  part  of  the  BCAS  or  in 
conjunction  with  it)  includes  diversity  reception  from  top  and 
bottom  antennas  (Reference  8),  thereby  eliminating  shielding 
when  seen  from  above.  Even  without  diversity  at  least  one  of 
the  two  BCAS  aircraft  would  have  a  good,  unshielded  link. 

Flight  tests  previously  run  at  NAFEC  (Reference  3)  showed  that 
when  aircraft  are  within  2000  ft  of  each  other,  the  effects  of 
shielding  are  minimal.  Thus,  allowing  10  seconds  for  track 
acquisition,  25  seconds  of  warning  would  be  given  for  aircraft 
closing  at  3400  ft/min. 

A  brief  assessment  was  made  of  the  contribution  of  the  bottom 
antenna.  For  May  7,  the  data  was  reduced  (after  the  flight) 
first  using  replies  from  both  antennas  and  then  using  replies 
from  the  top  antenna  only.  The  association  characteristics  are 
shown  in  Figure  2-16.  The  principal  result  is  that  removing  the 
bottom  antenna  greatly  decreases  the  association  for  aircraft 
below  the  BCAS  aircraft — 70%  decreases  to  52%.  From  this  it 
appears  that  the  lower  antenna  produces  an  effective 
contribution. 
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FIGURE  2-16 

EFFECT  OF  BCAS  ANTENNAS  ON  ASSOCIATION 


Prior  to  going  to  Los  Angeles  a  special  set  of  flights  were 
flown  using  the  BCAS  test  bed  in  one  aircraft  and  the  Airborne 
Measurement  Facility  developed  by  M.I.T.  Lincoln  Laboratory  in 
the  other  aircraft.  This  enabled  reply-by-reply  measurements  to 
be  made  and  the  shielding/multipath  question  to  be  explored  in 
depth.  The  results  were  presented  in  Reference  9  and  gave  a 
quantitative  understanding  to  the  phenomena  of  shielding  and 
multipath. 

2.3.4  Multipath 

Multipath  (reflections  from  the  ground)  affects  BCAS  in  two 
ways.  On  the  interrogation  link,  the  BCAS  Mode  C  interrogations 
may  be  converted  to  look  like  suppressions  or  like  Mode  A 
interrogations.  In  either  of  these  cases  the  reply  is  not 
usable,  although  the  tracker  could  have  been  modified  to  use  the 
Mode  A  replies.  On  the  reply  path,  multipath  tends  to  generate 
extra  garble.  Both  these  problems  are  reduced  by  using  the  top 
antenna  on  the  BCAS  aircraft,  which  does  not  illuminate  the 
ground  as  much  as  the  lower,  and  (where  possible)  by  using  a  top 
and  bottom  diversity  on  the  target  aircraft. 

In  its  present  configuration,  the  ATCRBS  portion  of  BCAS  was 
found  to  drop  tracks  momentarily  at  appropriate  ranges  over 
reflective  ground  due  to  mode  conversion,  as  discussed  in 
Reference  3.  The  additional  garble  on  the  return,  when  the 
reflection  is  specular,  produces  extra  target  tracks  at  a  longer 
range;  this  impacts  the  performance  when  very  near  an  airport, 
as  will  be  discussed  in  Section  2.3.6.  On  the  other  hand,  when 
the  reflection  is  diffuse,  yet  strong,  the  multipath  signal  is 
greatly  spread  out  in  time  and  could  cause  many  false  l's  to 
appear  in  the  reply.  This  characteristic,  together  with  the 
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effect  of  shielding,  is  a  possible  explanation  for  the  poor 
correlation  and  association  when  aircraft  are  otherwise 
designated  to  be  "in  the  clear." 

2.3.5  FAA  Transponders  vs.  Uncontrolled  Transponders 
All  of  the  one-on-one  data  presented  in  this  report  was  obtained 
by  using  FAA  aircraft  equipped  with  either  DABS  transponders,  or 
calibrated  ATCRBS  transponders,  while  the  target  of  opportunity 
data  was  taken  with  a  sample  of  uncontrolled  transponders.  The 
difference  is  that  the  FAA  transponders  were  tested  regularly 
and  therefore  guaranteed  to  be  in  proper  working  order  whenever 
data  was  collected. 

In  the  case  of  the  uncontrolled  transponder  population,  there 
was  no  way  to  examine  the  transponders,  and  a  certain  number  may 
not  have  met  ATCRBS  performance  specifications  even  though  they 
were  tracked  by  ARTS  III.  As  an  example  of  this,  in  Section 
2.2.2  we  mentioned  a  particular  false  alarm  that  was  determined, 
after  carefully  examining  the  ARTS  data,  to  be  the  fault  of  a 
defective  altitude  encoder,  which  had  one  of  the  higher  order 
bits  "stuck"  in  one  position. 

The  best  direct  comparison  of  performance  of  the  controlled 
transponder  vs.  the  uncontrolled  transponders  is  a  comparison  of 
the  basic  ATCRBS  performance  against  the  target  FAA  aircraft  and 
against  all  aircraft  within  1000  ft  altitude  of  the  BCAS 
aircraft.  For  ranges  less  than  2  nmi  or  greater  than  5  nmi, 
there  was  not  much  distinction  between  the  two  sets  of 
aircraft.  However  between  2  and  5  nmi,  tracking  of  the  FAA 
aircraft  was  consistently  better  than  for  targets  of 
opportunity.  It  is  not  clear  why  these  differences  exist  and 
why  they  appear  to  be  dependent  on  range. 
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2.3.6  Airporta 

Flying  BCAS  near  airports  tends  to  produce  what  is  called  a 
track  bloom — a  condition  whereby  many  new  phantom  tracks  are 
suddenly  generated  at  nearly  the  same  range.  This  occurs 
because  stationary  aircraft  generate  an  unchanging  garble 
pattern  which  allows  the  phantoms  to  become  established. 
Several  aircraft  sitting  on  the  ground  can  produce  this  effect, 
or  a  single  aircraft  and  its  reflection  from  a  building  can  have 
the  same  effect.  The  phantom  tracks  caused  by  this  garble  do 
not  die  out  as  fast  as  those  caused  by  moving  aircraft  because 
the  only  change  in  the  garble  pattern  is  that  caused  by  the 
motion  of  the  BCAS  aircraft  itself. 

The  ability  of  these  track  blooms  to  generate  false  alarms  was 
discussed  in  Reference  3,  and  was  found  to  be  important  only 
when  the  BCAS  was  within  about  one  mile  of  the  airport,  such  as 
when  landing  or  when  flying  directly  over  it.  An  examination  of 
the  phantom  tracks  from  the  Los  Angeles  flight  tests  showed  that 
track  blooms  existed  about  10Z  of  the  time,  were  of  short 
duration  and  did  not  destroy  the  other  established  tracks.  The 
other  aspect  of  track  blooms  that  is  of  concern  is  the  computer 
overloading  that  it  may  introduce.  This  was  a  factor  in  the 
design  of  the  tracking  algorithm.  This  algorithm  provides  the 
property  of  gradual  degradation  noted  previously. 

2.4  Parameters  Affecting  Performance 

2.4.1  Whisper/ Shout 

Whiaper/Shout  was  introduced  to  reduce  the  amount  of  garble  by 
reducing  the  number  of  aircraft  replying  to  each  of  the  power 
levels.  Table  2-1  shows  how  the  replies  were  divided  among  the 
8  levels  over  the  3  days  of  data,  May  7,  8,  9.  These  numbers 
were  fairly  consistent  throughout  the  three  days.  Only  the 
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TABLE  2-1 


PERCENT  OF  AIRCRAFT  REPLYING  TO  WHISPER/SHOUT  LEVELS 


Top  Antenna  Only 

100 

Bottom  Antenna 

212.3 

Level  1 

0.0 

Level  2 

2.0 

Level  3 

3.8 

Level  4 

9.0 

Level  5 

12.4 

Level  6 

26.0 

Level  7 

23.9 

Level  8 

45.2 

Sum  of  1-8 

122.2 

Notes:  l.  Only  replies  between  5  nmi  and  10  nmi  were  used. 

2.  Fruit  was  measured  and  subtracted  by  using  Mode  D 
interrogations  on  the  top  and  bottom  antennas. 

3.  Data  represents  totals  from  May  7,  8,  9  1978. 
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replies  between  S  and  10  runi  were  used  in  Table  2-1  because 
those  were  the  aircraft  that  most  needed  garble  improvement.  It 
can  be  noted  that  some  of  the  8  levels  are  ineffective. 

The  objective  of  Whisper/Shout  is  to  divide  the  population  of 
responding  aircraft  into  non-garbling  sensitivity  bands.  The 
best  that  is  possible  is  to  have  1/8  of  the  aircraft  reply  in 
each  band.  Such  a  perfect  splitting  is  not  possible  for  two 
reasons.  The  sensitivity  bands  intentionally  overlap  by  1  dB  to 
reduce  the  possibility  that  an  aircraft  falls  in  between  bands 
and  does  not  reply  at  all,  and  random  variations  in  the  target 
population  sensitivity  will  cause  the  number  of  aircraft 
responding  in  each  band  to  vary. 

In  the  earlier  tests  in  the  Washington  area  we  found  that  the 
best  distribution  that  could  be  obtained  by  adjusting  the  8 
levels  resulted  in  the  most  populous  band  containing  25Z  of  the 
total  population.  Thus,  some  improvement  could  be  obtained 
beyond  that  used  in  Los  Angeles,  but  not  a  lot. 

The  overall  changes  brought  about  by  the  use  of  Whisper/Shout 
were  shown  in  Figure  2-9  (page  2-12).  It  is  seen  that 
Whisper/Shout  does  nothing  for  performance  within  5  nmi,  in  fact 
there  is  an  unexplained  loss,  especially  at  higher  altitudes. 
Beyond  5  nmi  there  is  usually  a  small  gain  in  Whisper/ Shout 
performance  as  compared  to  the  basic  BCAS,  but,  again,  there  is 
an  unexplained  loss  for  the  high  altitudes. 

A  possible  side  benefit  of  Whisper/Shout  is  that  it  gives  some 
targets  more  than  one  chance  to  reply,  which  could  overcome  low 
reply  probability.  Apparently  this  is  not  happening,  because 
the  percent  correlation  in  the  clear  is  no  higher  with 
Whisper/Shout,  as  was  seen  in  Figure  2-13  (page  2-20). 
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The  principal  used  in  Whisper/Shout  to  break  up  garble  has  no 
effect  on  fruit  received  by  BCAS,  because  fruit  is  the  result  of 
other  interrogations.  Consequently,  the  fruit  rate  in  each  of 
the  sensitivity  bands  remains  the  same,  and  when  the  eight  sets 
of  replies  are  summed,  the  effective  fruit  rate  is  eight  times 
that  of  Basic  BCAS.  This  extra  fruit  for  Whisper/ Shout  could 
have  two  effects;  the  performance  in  the  presence  of  no  garble 
may  be  worse  for  Whisper/ Shout,  and  the  phantom  rate  may  be 
higher.  From  Figure  2-12  we  saw  that  the  performance  in  the 
absence  of  overlap  is  essentially  unchanged.  Therefore,  the 
extra  fruit  has  a  negligible  impact  on  the  tracking  capability. 
However,  from  Table  2-2,  we  see  that  the  phantom  track  rate  is 
increased  by  about  122  within  5  nmi. 

The  tradeoff  on  Whisper/Shout  then  is  a  questionable  change  in 
performance  at  the  cost  of  a  slight  increase  in  phantom  tracks. 
Thus,  unless  garble  is  a  limiting  factor  (and  it  is  not,  for  the 
Basic  mode  even  in  Los  Angeles  today)  Whisper/Shout  configured 
to  reduced  garble  should  be  avoided. 

There  is  a  configuration  of  Whisper/Shout,  however,  which  may 
reduce  the  effects  of  multipath — this  format,  proposed  by  M.I.T. 
Lincoln  Laboratory,  should  be  explored. 

2.4.2  Power  Level 

On  May  10  the  data  was  collected  for  4  runs  with  the  normal 
power  and  4  runs  with  the  power  decreased  by  3  dB.  One  obvious 
result  of  the  power  decrease  was  a  less  even  distribution  of 
replies  over  the  8  Whisper/Shout  interrogations.  Figure  2-17 
shows  a  summary  of  performance  with  a  change  of  power  of  3  dB. 
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TABLE  2-2 


AVERAGE  NUMBER  OF  PHANTOM  TRACKS  PER  SCAN  FOR 
BASIC  AND  WHISPER/ SHOUT  (MAY  7,  8,  9) 


Basic 

Whisper/ Shout 

Range 

0-5  nmi 

.57 

.64 

0-10  nmi 

2.21 

2.78 

Note:  Only  a  small  fraction  of  the  phantom  tracks  become  false 

alarms  because  most  are  outside  the  threat  region. 
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We  see  that  for  both  normal  and  Whisper/Shout  there  ia  usually 
an  improvement  in  association  within  5  nmi  for  the  higher 
power.  However,  for  moderate  ranges  (beyond  5  nmi),  the 
increase  in  power  actually  appears  to  degrade  the  performance. 
It  is  difficult  to  blame  this  degradation  on  changes  in  the 
traffic  between  the  two  parts  of  the  test,  because  the  density 
and  overlap  distributions  are  comparable.  One  possible 
explanation  is  that  the  higher  power  elicits  more  replies  at 
these  moderate  ranges,  causing  more  synchronous  garble,  which  in 
turn  may  overload  the  track  file  and  degrade  performance.  The 
performance  at  close  range,  where  the  garble  is  much  less  and 
where  an  overloaded  track  file  has  less  effect  would  improve 
somewhat  because  of  the  increased  link  reliability  except 
possibly  at  low  depression  angles  below  the  BCAS  aircraft.  It 
thus  appears  that  a  transmitter  power  of  about  630  Watts,  or  in 
the  range  of  500  W  to  1  kW  is  required. 

It  is  interesting  to  note,  also,  that  Whisper/Shout  showed 
neither  much  benefit  nor  much  degradation  in  this  set  of  runs, 
confirming  the  conclusion  of  the  preceding  section. 


2.4.3  Resuppression  on  Top  Antenna 

As  shown  in  Reference  3,  the  suppression  on  the  top  antenna 
immediately  before  interrogation  on  the  lower  antenna  may  result 
in  some  targets  not  replying  at  all.  For  this  reason,  the 
suppression  was  removed  for  all  Los  Angeles  flight  tests  except 
May  10  and  11.  The  effect  of  the  suppression  on  performance  was 
judged  to  be  minimal.  There  was  no  improvement  over  the  net  of 
75X  of  aircraft  tracked  in  Washington  even  at  very  close 
ranges.  Since  the  purpose  of  this  suppression  was  to  reduce  the 
garble  seen  by  the  lower  antenna,  it  should  be  retained. 


2.4 « A  Computer  Loading 

Up  Co  this  point  we  have  seen  Che  performance  summary  when  the 
computer  has  sufficient  time  to  complete  its  task.  When  it  is 
forced  to  run  in  real  time  (one  second  to  coaplete  one  second  of 
tracking)  the  performance  can  degrade  considerably  in  high 
density  traffic.  It  was  found  on  May  11  that  a  15Z  to  20Z  loss 
in  association  occurred  when  run  in  real-time  as  compared  to 
non-real-time.  This  is  the  result  of  trading  off  between 
computer  resources  and  traffic  load.  Improvements  are 
available,  if  needed,  for  increasing  the  efficiency  of  the 
operating  code  and  for  choosing  the  best  memory  size  (next 
section). 

The  real  time  data  obtained  in  the  February  flights,  where  only 
1/2  of  the  computer  was  dedicated  to  ATCRBS  would  be  expected  to 
be  even  more  degraded.  Surprisingly  it  was  better,  even  with 
approximately  the  same  traffic  density.  This  does  not  indicate 
that  less  computer  is  better,  but  that  the  2  kW  of  power  used  in 
February  more  than  made  up  for  loss  of  computer  resources.  In 
comparing  the  February  data  with  May  11  (not  presented  in  this 
report)  it  was  concluded  that  the  2  kW  interrogations  of 
February  made  some  improvement  in  performance  within  5  nmi,  and 
beyond  10  nmi  the  additional  computer  power,  plus  Whisper/ Shout, 
is  more  beneficial  than  large  interrogator  power  (more  than 
doubling  the  percentage  of  aircraft  that  were  tracked). 

2.4.5  ■  Track  File  Size 

Increasing  the  track  file  size  for  ATCRBS  will  generally  improve 
the  performance.  On  the  other  hand,  an  increased  track  file 
size  will  cause  an  increase  in  computer  time  required  to  make 
one  update,  and  the  possibility  of  an  increase  in  the  number  of 
phantoms.  The  former  effect  is  straight-forward  and  is  not 
evaluated  in  this  report.  In  fact,  for  the  February  flights, 
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the  relationahip  ««■  used  to  make  more  computer  time  eveilable 
for  the  DABS  aode  by  reducing  the  ATCRBS  treck  file  from  100 
down  to  50.  Generally,  the  computer  time  required  for  an  update 
growa  linearily  with  track  file  aiae,  when  there  ie  enough 
traffic  to  fully  load  the  ayatem.  The  queation  conaidered  here 
ie:  how  big  a  track  file  ia  needed  to  get  a  given  level  of 
perfonaance  in  the  Loa  Angelea  environment. 

The  Nay  7  data  waa  run  uaing  different  airea  of  track  filea; 
Figurea  2-18  to  2-20  ahow  the  total  nuaber  of  active  tracka  for 
a  maximum  track  file  aiae  of  75,  100,  and  200.  During  the  buay 
perioda  the  track  file  ia  80Z  full  no  matter  how  large  it  ia, 
implying  that  tracka  are  being  diacarded  becauae  of  overflow, 
even  with  a  track  file  aiae  of  200.  Figurea  2-21  to  2-23,  which 
ahow  the  eatablished  tracka  only,  indicate  thet  there  ia 
practically  no  difference  in  performance  between  100  and  200 
track  filea.  The  75  track  file  curve  ahowa  thet  aomewhat  fewer 
tracka  are  eatabliahed  during  buay  perioda  than  for  the  other 
caaea. 

The  auamry  performance  of  the  three  caaea  ia  ahown  in  Figure 
2-24.  He  aee  that  the  performance  ia  eaaentially  the  aama,  with 
perhapa  a  alight  advantage  for  the  100  track  ayatem.  Table  2-3 
ahowa  that  the  75  track  ayatem  will  produce  the  feweat 
phantoma.  Therefore  the  75  track  ayatem  aeema  to  be  the  beat 
overall  performer. 


2.4.4  Computer  Loading 

Up  to  this  point  we  have  seen  the  performance  summary  when  the 
computer  has  sufficient  time  to  complete  ita  task.  When  it  is 
forced  to  run  in  real  time  Cone  second  to  complete  one  second  of 
tracking)  the  performance  can  degrade  considerably  in  high 
density  traffic.  It  was  found  on  May  11  that  a  15Z  to  20Z  loss 
in  association  occurred  when  run  in  real-time  as  compared  to 
non-real -time.  This  is  the  result  of  trading  off  between 
computer  resources  and  traffic  load.  Improvements  are 
available,  if  needed,  for  increasing  the  efficiency  of  the 
operating  code  and  for  choosing  the  best  memory  size  (next 
section). 

The  real  time  data  obtained  in  the  February  flights,  where  only 
1/2  of  the,  computer  was  dedicated  to  ATCRBS  would  be  expected  to 
be  -even  more  degraded.  Surprisingly  it  was  better,  even  with 
approximately  the  same  traffic  density.  This  does  not  indicate 
that  less  computer  is  better,  but  that  the  2  kW  of  power  used  in 
February  more  than  made  up- for  loss  of  computer  resources.  In 
comparing  the  February  data  with  May  11  (not  presented  in  this 
report)  it  was  concluded  that  the  2  kW  interrogations-  of 
February  made  some  improvement  in  performance  within  5  nmi,  and 
beyond  10  nmi  the  additional  computer  power,  plus  Whisper/ Shout, 
is  -more  -beneficial  than  large,  interrogator  power  (more  than 
doubling  the  percentage  of  aircraft-  that  were  tracked). 

*  *'  »•  '•  *  .  .  '  * 

2.4.5  Track  File  Size 

Increasing  the  track  file  size  for  ATCRBS  will  generally  improve 
the  performance.  On  the  other  hand,  an  increased  track  file 
size  will  cause  an  increase  in  computer  time  required  to  make 
one  update,  and  the  possibility  of  an  increase  in  the  number  of 
phantoms.  The  former  effect  is  straight-forward  and  is  not 
evaluated  in  this  report.  In  fact,  for  the  February  flights, 
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the  relationship  wee  used  to  uki  sore  coaputer  tiae  available 
for  the  DABS  aode  by  reducing  the  ATCBBS  track  file  froa  100 
down  to  50.  Generally i  the  coaputer  tiae  required  for  an  update 
grove  linearily  with  track  file  else,  whan  thera  is  enough 
traffic  to  fully  load  the  systea.  The  question  considered  hare 
is:  how  big  a  track  file  is  needed  to  gat  a  given  level  of 
performance  in  the  Los  Angeles  environaent. 

The  May  7  data  was  run  using  different  aises  of  track  files; 
Figures  2-18  to  2-20  show  the  total  nuaber  of  active  tracks  for 
a  aaxiaua  track  file  site  of  75,  100,  and  200.  During  the  busy 
periods  the  track  file  is  80Z  full  no  aatter  bow  large  it  is, 
iaplying  that  tracks  are  being  discarded  because  of  overflow, 
even  with  a  track  file  sise  of  200.  Figures  2-21  to  2-23,  which 
show  the  established  tracks  only,  indicate  that  there  is 
practically  no  difference  in  perforaance  between  100  and  200 
track  files.  The  75  track  file  curve  shows  that  soaewhat  fewer 
tracks  are  established  during  busy  periods  than  for  the  other 
ceses. 

The  stanary  perforaance  of  the  three  cases  is  shown  in  Figure 
2-2A.  He  see  that  the  perforaance  is  essentially  the  saae,  with 
perhaps  a  slight  advantage  for  the  100  track  systea.  Table  2-3 
shows  that  the  75  track  systea  will  produce  the  fewest 
phantoas.  Therefore  the  75  track  systea  seeas  to  be  the  best 
overall  perforaer. 


TIME  IN  NINUTES 


T 


2-40 


fcfl-TS7?,.-.* 


2*42 


TIME  IN  MINUTES 


TABLE  2-3 


AVERAGE  NUMBER  OF  PHANTOMS/ SCAN 
AS  A  FUNCTION  OF  TRACK  FILE  SIZE  (MAY  7) 


Phantom  Rate 
Track  File  Sice 


Range 

75 

100 

200 

0-5  nmi 

.54 

.63 

.57 

0-10  nmi 

1.87 

2.25 

2.48 
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APPENDIX  A 


DATA  COLLECTED  IN  THE  LOS  ANGELES  AREA  FOR  1978  MAY  7,  8,  9 


The  following  data  ia  presented  in  substantially  the  same  format  as 
that  for  the  earlier  Washington  tests,  as  reported  in  Reference  3. 
For  convenience,  that  data  and  its  accompanying  explanation  are 
presented  as  Appendix  B  of  this  report. 

The  differences  between  the  Washington  data  and  the  Los  Angeles  data 
are  as  follows: 

1.  In  Washington,  the  data  base  included  targets  as  far  as  20 
miles  from  the  BCAS  aircraft.  In  Los  Angeles,  thiB  maximum 
range  was  reduced  to  12  nmi,  and  statistics  were  gathered  on 
targets  only  as  far  as  10  nmi. 

2.  In  Washington,  BCAS  tracks  were  declared  to  be  established 
(and  therefore  usable  for  the  CAS  logic)  if  they  had  a  minimum 
age  of  10  seconds,  which  increased  linearly  with  range  to  a 
maximum  of  30  seconds  at  20  nmi.  In  the  present  Los  Angeles 
tests  this  was  revised  to  be  a  flat  minimum  of  25  seconds. 

It  should  be  recalled  (as  noted  in  Reference  3)  that  while 
phantom  tracks  were  removed  from  the  association  matrix  data 
(Figures  A-l  through  A-10  of  this  Appendix),  this  is  not  so  for 
the  overlap  and  density  histograms  (Figures  A-13  through  A-17). 
Thus,  there  may  appear  to  be  some  slight  diacrepencies  if 
comparisons  do  not  account  for  this  factor. 
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FIGURE  A-8 

BCAS  PERFORMANCE  FOR  VARIOUS  ALTITUDE  AND  RANGE  ZONES 

(BASICl) 
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FIGURE  A-B 

BCA8  PERFORMANCE  FOR  VAROIU8  ALTITUDE  AND  RANGE  ZONE8 
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FIGURE  A-10 

CUMULATIVE  PERCENT  OF  AIRCRAFT  ASSOCIATION 
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FIGURE  A-11 

PROBABILITY  OF  PHANTOM  OCCURRENCES  |R  VS.  Z) 


TABLE  A-l 


AVERAGE  NUMBER  OP  PHANTOM  TRACKS  PER  SCAN  AT  ANY  ALTITUDE 


0-5  nrai 
0-10  nmi 
0-12  nmi 


BASIC  WHISPER/ SHOUT 

.57  *64 

2.21  2*78 

2.39  3*°8 
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FIGURE  A-11 

MTS  ASSOCIATION  VS.  OVERLAPS  (SASIC) 
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FIGURE  A-17 

OVERLAPS  VS  DENSITY  FOR  LOS  ANGELES  DATA 


APPENDIX  B 


DATA  COLLECTED  IN  THE  WASHINGTON  AREA 

The  following  Appendix  from  Reference  3  ia  repeated  for 
convenience.  To  maintain  consistency,  section  and  figure  numbers 
will  remain  as  they  were  in  Reference  3. 

In  the  following  Figures  A-15,  A-16,  A-19,  and  A-20,  which  refer  to 
density,  the  entry  for  a  density  of  "1"  has  been  omitted,  since  it 
refers  to  be  BCAS  aircraft  itself  and  has  no  significance. 


B-l 


DATA  COLLECTED  IN  WASHINGTON,  D.C.  AREA 


A.l  Introduction 

The  date  presented  in  this  Appendix  comes  from  the  data  reduction 
package  mentioned  in  Section  2.  It  is  principally  a  comparison 
of  BCAS  tracks  with  the  tracks  obtained  by  using  the  target 
reports  from  ARTS  III  data  tapes  in  the  Washington  flights. 

First,  an  overall  view  of  the  system  is  shown  by  a  series  of 
matrices  for  "real"  BCAS  tracks  and  for  "phantom"  BCAS  tracks. 

This  is  followed  by  detailed  tables  and  histograms  of  performance 
with  such  parameters  as  the  number  of  overlapping  replies  end 
the  density  of  aircraft  in  the  airspace.  The  figures  for  this 
section  will  be  found  grouped  together  at  the  end  of  the  section. 

A. 2  Overall  Performsnce  Characteristics 

The  Total  Aircraft  Track  Matrix  lists,  for  each  scan  and  in  each 
range-altitude  bin,  the  number  of  tracked  aircraft  events  obtained 
during  the  comparison  Interval.  An  aircraft  track  Is  determined 
principally  by  the  presence  of  an  ARTS  track;  however,  if  the 
ARTS  track  la  lost  and  the  corresponding  BCAS  track  continues, 
the  aircraft  track  is  also  continued.  Thus  an  "aircraft  track" 
implies  a  continuous  process;  whereas,  an  ARTS  track  is  often 
a  segmented  process. 
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Total  Aircraft  Tracks  are  described  by  two  matrices: 

1.  Range  versus  Altitude  Matrix,  denoted  A  (r,z)  (Figure  A-l) 

where  7  -  is  the  integerized  range  of  an  ARTS*  track: 

7 -  INTEGER (r)  +  1;  this  implies  that  the  range 
of  a  track  is,  at  most,  r  nautical  miles  from 
BCAS  aircraft. 

"z  -  is  the  relative  altitude  quantized  into  500  foot 
bins. 

7  -  (BCASALT  MINUS  THREAT  ALT  PLUS  10,000)/500; 

e.g. ,  suppose  an  aircraft  is  5.597  nautical  miles  away  from 
our  BCAS  equipped  aircraft  and  has  an  altitude  of  12,000  feet. 
Let  BCAS  altitude  -  7,300  feet. 

Then  r  -  5.597  +1-6 

I  -  (7,300  -  12,500  +  10,000)/500  -  4800/500  -  9.9  -  9 
So  (r,z)  is  put  in  the  r,z  slot  of  A(r,z). 

Any  aircraft  having  relative  altitude,  greater  than 
10,000  feet  is  counted  as  relative  10,000  feet. 

2.  Range  versus  Range  Rate  Matrix,  denoted  as  JKR(r,k) 

(Figure  A-2) 

where  7  -  is  the  integerized  range  of  an  ARTS  track; 

k  -  is  the  range  rate  in  knots  of  an  ARTS  track 
quantized  into  30  knot  bins, 
k  -  (Range  rate  of  threat  aircraft  *  3,600  + 

600)/ 30; 

*  As  previously  noted,  the  BCAS  range  is  used  in  certain  instances, 
when  an  ARTS  track  is  lost. 
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e.g. ,  let  3.79  be  the  relative  range  of  a  threat  aircraft 
and  -0.056  be  ite  range  rate  (nml/eec). 

Then  r  -  INTEGER  (3.79)  +1-4 

k  -  (-0.056  *  3,600  +  600)/ 30  -  13.28  -  13 
So  (r,k)  is  put  in  the  ‘r,lc  slot  of  JKR(r,k). 

Criteria  for  Track  Association  of  a  BCAS  track  with  an  ARTS  track 
are  as  follows: 

1.  ABS  (pB  -  PA)  <  RyIN  &  ABS  (ZB  -  ZA)  < 

where  pfi  is  relative  range  of  aircraft  being  tracked 
by  BCAS  and  pA  is  relative  range  of  ARTS  aircraft; 

Ryjjj  is  range  window.  is  altitude  window.  Zfi  is 

altitude  of  aircraft  being  tracked  by  BCAS  and  ZA  is  the 
altitude  of  an  aircraft  being  tracked  by  the  ARTS  site 
(l.e.,  Washington  National).  R^^  is  set  initially  to 
0.99  nml  and  is  set  initially  to  299  feet. 

2.  Both  ARTS  tracks  and  BCAS  tracks  must  be  established. 

An  ARTS  track  Is  considered  to  be  established  when  it 
reaches  an  age  of  30  seconds,  unless  an  established  BCAS 
track  associates  with  it,  in  which  case  two  successive 
ARTS  reports  are  required  in  order  for  the  track  to 
become  established.  BCAS  tracks  are  established  at  an 
age  of  10  seconds,  Increasing  linearly  with  range  to 

a  maximum  of  30  seconds  at  20  nmi. 


Total  BCAS  Associated  Aircraft  Track  Matrices  represent  the  total 
number  of  BCAS  tracks*  that  were  successfully  associated  with 
corresponding  aircraft  tracks  during  the  course  of  the  comparison 
Interval.  There  are  two  associated  BCAS  track  matrices.  They 
are  as  follows: 

1.  Range  vs.  ALT  matrix  (Figure  A-3)  -  denoted  ASC(r,z) 
where  r,z  represents  the  range  and  altitude  of  an  ARTS 
track  with  which  a  BCAS  track  successfully  associates. 
However,  if  the  ARTS  track  is  temporarily  lost,  the  r  and  z 
of  the  associated  BCAS  track  is  used. 


ASC(r,z)  (_  A(r,z) 

2.  Range  vs.  Range  Rate  matrix  (Figure  A-4)  -  denoted 
RATE  (r,k  where  r,k  represents  the  range  and  speed  of  an 
ARTS  track  with  which  a  BCAS  track  successfully  associates. 

RATE(r,k)  CJKR(r.k) 

Ratio  of  BCAS  Associated  Aircraft  Tracks  to  Total  Aircraft  Tracks 
gives  the  ratios  of  the  preceding  matrices  and  indicate  the  overall 
capability  of  BCAS  to  track  aircraft  within  a  radius  of  20  nml. 
These  appear  as  Figures  A- 5  and  A-6. 


ARTS  -  BCAS  Track  Association  Summary  Tables  (on  a  per  mile 
basis)  can  be  defined  in  the  following  way: 


R 


20 

£  B  /A 
n-1  n  “ 


*  Here,  BCAS  tracks  are  those  which  remain  after  removing  phantom 
tracks  (see  Section  6). 
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where  B  is  the  number  of  times  e  BCAS  track  associated  with  an 
n 

aircraft  track  whose  range  was  n  nml,  and  Aq  Is  the  total  number 
of  aircraft  tracks  at  n  nml  (Figures  A- 7  through  A-9) . 

Cumulative  S'""«*ry  Table  of  BCAS  associated  aircraft  tracks  to 
total  aircraft  tracks  (Figure  A-10)  Is  defined  as  follows: 

20 

Cumulative  ratio  ■  (Bg  4  BR)  /  (Ag  +  A^) 

S-l 

where  Bgt  number  of  times  a  BCAS  track  associated  with  an  aircraft 
track  whose  range  was  J3  nml. 


S-l 

Bk-  L  Bj,  total  number  of  times  a  BCAS  track  associated 
Ja"l  with  an  aircraft  track  from  1  to  (S-l)  nml. 

Ag,  total  number  of  aircraft  tracks  at  £  nml. 

S-l 

A,.  -  X)  A.,  total  number  of  aircraft  tracks  from  1  to  (S-l)  nod. 
T  J-l  J 

Note:  If  S-l  -  0,  then  B^,  A^  ■  0. 


Phantom  Probability  Matrix  (Figures  A-ll  and  A-12)  contains  those 
BCAS  tracks  that  have  been  defined  as  being  phantoms. 

1.  Any  BCAS  track  with  no  association  history  at  all  Is 
considered  to  be  a  phantom. 

2.  Any  BCAS  track  not  having  either  three  consecutive 
associations,  or  at  least  50  percent  association,  is  also 
labeled  as  being  a  phantom. 
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Each  entry  consists  of  the  number  of  scans  that  phantom  tracks 
were  found  to  exist  divided  by  the  total  number  of  scans.  If 
a  BCAS  track  is  found  to  be  a  phantom  track,  its  entire  track 
history  is  put  into  the  phantom  matrix.  In  addition,  the 
association  matrix  is  also  modified,  thus  removing  phantoms 
from  it. 

A.  3  Detailed  Tables  and  Histograms 

The  preceding  paragraphs  provide  the  overall  performance  of  BCAS. 
In  order  to  understand  some  of  the  underlying  relationships 
various  other  analyses  were  made.  The  following  paragraphs 
examine  the  variation  of  performance  with  two  major  parameters, 
the  number  of  overlapping  replies  and  the  number  of  aircraft  in 
the  airspace.  These  tables  were  compiled  directly  from  ARTS  and 
BCAS  track  aata.  No  attempt  was  made  here  to  distinguish  between 
real  and  phantom  tracks.  In  general,  the  results  with  the  Basic 
system  are  presented  first,  followed  by  those  for  the  Whisper- 
shout  system. 

The  Track  density  table  of  ARTS  peak  traffic  conditions 
(table  A-l)  provides  the  following  for  established  ARTS  tracks: 

1.  The  range  within  which  the  indicated  maximum  number  of 
overlaps  occurs,  and  the  time  at  which  it  occurs. 

2.  The  range  within  which  the  indicated  maximum  number  of 
aircraft  (ARTS  tracks  only)  occurs,  and  the  time  at  which 
it  occurs. 


RANGE 

MAX  OVERLAPS 

TIME 

MAX  AIRCRAFT 

TIME 

2.50 

3 

53463 

4 

54602 

5 

52512 

5 

52512 

7.50 

7 

53877 

10 

52071 

10.00 

9 

52559 

14 

52569 

15.00 

9 

52559 

21 

52602 

20.00 

9 

52559 

23 

53750 

Overlaps  within  a  given  range  Interval ,  J,  are  computed  as  follows 


Given:  A^,  where  k  denotes  the  number  of  tracks,  A,  In  an  ARTS 
environment, 

0i  -{(R(Ai)  -  1.65j<N<  |r(A1)  +  1>65)}  •  1  “  2,k;  R(Aa)<J 

where  N  represents  number  of  aircraft  whose  range  falls  within  the 
overlap  interval  1. 

0^  *  N-l  since  the  aircraft  for  which  the  overlaps  are  computed 
is  not  counted. 

R(A^)  stands  for  Range  of  track  A^. 

Therefore,  maximum  overlaps  within  given  interval  J  (denoted 
MAXJ)  Is  defined  as  follows: 

MAXJ  -  MAX(01,02,...,Oh) 

For  example,  suppose  Ag,  A^,  A^,  Aj  are  BCAS  tracks  with  range 
of  1.67,  2.47,  3.43,  5.19  nml  away  from  BCAS  Equipped  Aircraft 
(Ax). 

Then  to  compute  the  Maximum  Number  of  Overlaps  within  a  given 
range  interval  (5  nml)  do  as  follows: 


B-9 


1.  First  count  number  of  aircraft  within  overlap  interval 
of  A2<  Clearly,  R(A2)  and  R(A^)  falls  within  overlap 
interval  of  A2  since: 

{l.67  -  1.65  £R(A2)£  1.67  +  1.65}  and 

{l.67  -  1.65  ^R(A3)^  1.67  +  1.65}  and  R(A2)£5  nail 


So  there  are  two  aircraft  within  overlap  Interval  of  A2* 
.'.  N  -  2 


02  ■  N-l  -  1  since  the  aircraft  A2  for  which  the  overlaps 
are  computed  is  not  counted. 

2.  Now  count  the  number  of  aircraft  within  overlap  Interval 
of  Ay 

Clearly,  R(A2),  R(A3),  R(A^)  falls  within  overlap  Interval 
of  A3  and  R(A3)  <  5  nml. 

.*.  N  -  3 

03  -  N-l  -  2  OVERLAPS  since  the  alrcreft  A3  for  which  the 
overlaps  are  computed  is  not  counted. 

3.  Count  number  of  aircraft  within  overlap  Interval  of  A^. 

Clearly,  R(A2),  R(A3),  R(A^)  falls  within  overlap  interval 
of  A^  and  R(A^)  <  5  nml. 

.*.  N  ■  3  aircraft 

0^  ■  N-l  ■  2  OVERLAPS  since  the  aircraft  A^  for  which  over¬ 
laps  are  computed  is  not  counted. 


I 
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4.  Since  R(A5>  >  5  nmi,  its  overlaps  are  not  considered. 

Therefore,  MAX(02,03,04)  -  MAX(1,2,2)  -  2  Overlaps. 

So  the  maximum  number  of  overlaps  within  5  nmi  is  2. 

ARTS  Association  vs.  the  Number  of  Overlapping  Replies  is  shown 
in  Figure  A-13  for  the  Basic  mode;  Figure  A-14  is  for  Whisper- 
shout.  ARTS  tracks  are  listed  as  being  associated  with  BCAS 
tracks  or  unassociated,  as  the  case  may  be.  The  resulting 
histograms  are  shown. 

Overlaps  of  ARTS  traffic  versus  percent  associations  can  be 
defined  as  follows: 

12 

R0VP  ■  £  W(Aovr  +  >W  +  0’01>  *  100 

VP-0 

where  AQVp  is  the  total  number  of  associated  ARTS  tracks 
with  OVP  overlaps  and 

MQVp  Is  the  total  number  of  unassodated  ARTS  tracks  with 
OVP  overlaps.  (AQVp  +  MQVp)  represents  total  ARTS  tracks 
with  OVP  overlaps. 

This  data  has  been  truncated  so  as  to  Include  only  those  tracks 
within  10  nmi  and  above  15  degrees  depression  sngle. 

ARTS  association  vs.  density  of  aircraft  is  given  in  the  next  set 
of  data.  Figures  A-15  and  A-16.  The  data  truncation  beyond  10  nmi 
and  below  15  degrees  depression  angle  applies  here.  We  define 
density  here  as  the  number  of  established  ARTS  tracks  within 
10  nmi  of  the  BCAS  aircraft.  Therefore  a  "density"  of  31 


B-ll 


2 

aircraft  corrasponda  to  0,1  aircraft  par  nmi  .  Tha  parcant 
aaaociation  la  datarmined  by  evaluating  tha  fraction 

’  »V(,1AK  +  V 

where  '?Ag  -  number  of  aaaociatlona  in  a  denaity  of  K  aircraft. 

Mg  ■  number  of  miaaed  aaaociation  in  a  denaity  of  K  aircraft. 

BCAS  track  correlation  va.  overlapa  la  ahown,  for  aaaociated  BCAS 
tracks,  in  Figures  A-17  and  A-18.  Correlation  daacrlbaa  the 
status  of  the  BCAS  track  at  every  scan  interval  (about  4.7  seconds). 
If  the  BCAS  track  does  not  correlata  with  a  BCAS  report  at  that 
time,  the  track  is  tagged  with  a  coaat  statua  flag.  Correlation 
is  therefore  the  fraction  of  time  that  a  track  is  not  in  coast 
status.  ARTS  data  is  used  to  determine  how  many  overlapping 
replies  exlat  for  each  BCAS  track  sample.  The  data  la  truncated 
at  10  nml  and  IS  degrees. 

BCAS  track  correlation  va.  density  relates  BCAS  coasting  to  the 
density  of  aircraft  within  10  nml.  Figures  A-19  and  A-20  shows 
this  data,  for  the  Basic  and  the  Whisper-shout  systems,  respectively. 

BCAS  Consecutive  cost  characteristics  for  associated  tracks  are 
shown  in  Figure  A- 21. 

This  consecutive  coast  status  is  obtained  directly  from  the  BCAS 
data  tapes  with  the  1-second  Interrogation  rate. 

Association  performance  as  a  function  of  the  range  and  overlene 
Is  presented  in  Figure  A-22.  The  data  is  truncated  at  10  nml 
and  IS  degrees  depression  angle. 


B-12 


AO-A096  285  MITRE  CORP  MCLEAN  VA  METREK  DIV  F/S  1/2 

RESULTS  OF  AN  ACTIVE  BEACON  COLLISION  AVOIDANCE  EXPERIMENT  COND--ETC(U» 
MAY  79  P  M  EBERT *  L  T  MOSES*  N  A  SPENCER 

UNCLASSIFIED  MTR-79M00158 _ _  FAA-RD-80-7  NL  _ 


2  ~t  AJ  -«  4  -i  ♦  -*  -*r*>*«'*.rtK.i>-<*«Of^  ^ 

♦  ft  • 

♦  ■ 

r*  .-*^  -4  *A  ^  ♦  •■*  NNNN^4iAO«C<A 

♦  -4  «  < 

♦  ft  I 

♦  ft 

Ol  ^  3000  ^0^0''HQ^«N^N'*lin  ♦  <"«♦«•»  ni^mto-o  0^O*h*OO©O^O  II 

♦  ft  • 

♦  ft 

♦  ft 

OOOOOJ(l>N,4HO-'0'finifl^N<H*olJi|«i<^  ONHUMUtflHnN^^OO-'O  « 

^  ^  Ai  .4  IA  ♦  IM  •!  rto  K  <  I?  m  Ifl 


2 1 


CiOi3OOOlNJ,OOOOOflONMfl'»in*M)<N4^«0lfl«N9,«O'<,'OOl'0l 
rg  *-4  Al  iA  ♦ 


S 

«  <0 


OOOOOAi«AiAOOOO  3#N<400  9«  ♦  ^flMNfOMN«f»^N«^O^OONO  « 
-I  *  ♦ 


■  IM 
•  Al 

«  ♦ 


r-0O^00'^Q0<’'0O^OO'a>QQ  +  OOAOOOOO3‘1'0O«00^PO^0  I 

~2  2'?2°2‘52''00’,,>00','r50  ♦  3o«-»ooooqooooo5o222^2 

"VlP^QirOAOiAQAnMOAOlA^inOir^^OlAO^^^OIAeiA^AOftO 
- - -  -----  ~  -T - X.  —  *  —  '•4MNNnmffVMA««KK««9&C‘ 

i  i  »  i  I  I  T  7 . 


0|A£*«A0£0£«iAdiAQsA£tQ0iA0iA  ♦If 

rot  tAorr 


i  i  i  i  i  i  i  i  i  i 

rot  nan 


uni)  iomutt  iauvtm 


B-14 


nu MtattM 


kFT  TRACK  MATRIX  (R  VSZ) 


BASIC  NODE 


«  «  im*i  i«i  ,.i  m  ifi  -* 


<-*^cg_.fvif\jrg«rknm-»in  ~t  <0  m  m  ^ 


•  -•  m  .1  «u*i  io  «i  h  h  -< 


^NNAAnf 


MS^  «  ^9>r.^9t«|()KOOHO  ION 

-•  -•  •*  •*  r>4  r*  -.  m  m  «A  «  ♦  K>  W  +  i*»  im  *  <x  «m  -4  -« 


<N  04  <N  —  ~4  +  •+ 


00*^0  «0«HHNm##*«.N00000000 

mhn<4«*^mnmna«  an  -*»*m«* 


OOOOwOHirt^^A«N*4NH«4(i|#4N^NN^4HOONOOOOOOOOOr) 

♦ 

♦ 

♦ 

000000Q0‘a*0O<*QO*Q0**0Q$pO^Q0«90Q^00'1*0O09^»O0<* 

TTT?fTf7f?T7T7777'f,a 


!  g 

*  !2  C 


BFSffw 


FIGURE  A  2 

TOTAL  AIRCRAFT  TRACK  MATRIX  (R  VS  Rl 


BASIC  MODE 


-•^O  1  it  «  IT*  <  — ■  M  -n 

.»  -<  N  N  H  » l  «n  A  M  <A 

♦  •  A 


<NNN  C  «  i»\  fN*  *>*  »>i  -*■*«>*  M  m  ® 

♦  N  A 


-.  O  -<i  o  »-*  <r  j>  t  «  n  ♦  N«KN<omN«oir>MMiA'4if)o  ^  o  - 

.-#  ■  *  *NJ  f\J  fM  —<  rn  f\l  rw  >7  ^  fA  ^  IA  .-«.*>*  •* 


OO''ONN«NfliftirtN*«l»«^B^<*>Nin0Nrtfrt0'W<-<ON'1O-»'3O^ 
~4  N  N  41  N  N  N  -I  •-« 


ON^-i^hoo^h.O  0  #  <A  iA  «A  <A  «N««NN<7««lAI««rtO^OO^OOIM 

Al  •*  *A  *  -.  rj  A*  -.  -«  -* 


-•  -lA  NMN*4>4h 


-«  -«  M  »*  A<  »«  IA  A*  rvi  NN>4 


oo-'oo,'fl  +  , 


'-♦Nm*NO''00«00' 


oo^ooNOHiAf  /Cir  *  «flm-<0ni«inw',)HC5^oo''OO^ 


00O0<H^H«4n<r(n«N^NH<n0N9*NAHNftHA0i«A0O^00^00p> 


1  1 
12J23S3|:S|C?2S8S§3S*a3?SSS2;gSS|?5882?2S 
??iT?T'f?v??77?TTT  1  '  '  3  - " ♦**•»*• 

*  WIlTlYnS 


■ 


r 


FIGURE  A -4 

TOTAL  SCAB  ASSOCIATED  AIRCRAFT  TRACK  MATRIX  (A  VS  R> 
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FIGURE  A-7 

AIRCRAFT  ASSOCIATION,  FOR  EACH  MILE,  FOR  ALL  ALTITUDES 
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FIGURE  A-8 

AIRCRAFT  ASSOCIATION,  EACH  MILE,  FOR  VARIOUS  ALTITUDE  ZONES 
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CUMULATIVE  PERCENT  OF  AIRCRAFT  ASSOCIATION 
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*)  NUNBFR  OF  SUCCESSFUL  ASSOCIATIONS 
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10  |  I  0 

11  I  |0 

12  |  |0 


b)  NUMBER  OF  MISSED  ASSOCIATIONS 


0  I  73 

1  j  70 

2  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦  j  00 

3  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  j  09 

«  •  |  09 

j  5  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  j  70 

g  0  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  /  I  02 

I  7  t  1  |  00 
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9  1  .  f  |  0 
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c)  PERCENT  ASSOCIATION 

NOTE:  DATA  TRUNCATED  AT  10  MI 
AND  15s  DEPRESSION  ANCLE 


FIOURI  A  IS 

ARTE  ASSOCIATION  VS.  OVERLAPS  (BASIC) 
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9  1*44  |  19 

8  |  |  H 
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NL71BER  OF  MISSED  ASSOCIATIONS 


0  (4444444444444444444444444444444444444444444444444444444444444  |  78  > 

1  imttmiMxmHiimmmmmHiixiMmmtiimti  I  7«  i 

2  |44444444444444444444444444444444444444444444444444444444444  |  7»  l 

3  ixmMmimtmmiiHimmmtHmmmmtmimmi  I  i„  3 

4  I  84 

i  (♦♦♦♦♦♦♦••♦•♦♦•a 444444444444444444444*4444444444444444444444444  j  78  t 

4  I444444444444444444444444444444444444444444444444444444444444  j  78  1. 

7  j  t  I  71 
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9  14444444444444444444  |  J5  1 
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c)  PERCENT  ASSOCIATION 


NOTE:  DATA  TRUNCATED  AT  10  NMI 
AND  IS9  DEPRESSION  ANCLE 


FlOUftC  A  M 

ART!  AMOCIATION  V*.  OVINLAPS  I  WHISPER-SHOUT) 
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DENSITY  DENSITY 


1  I 

2  !♦♦♦♦ 
3  I  ♦♦♦♦ 
8  !♦♦♦♦ 

5  | ♦♦♦♦ 

6  | ♦♦♦♦ 

7  !♦♦♦• 

8  !♦♦♦♦ 
9  f 

10  | ♦♦♦♦ 
11  1  ♦♦♦♦ 
12 
13 
18 

15  !♦♦♦♦ 


33 

166 

321 

615 

639 

526 

466 

443 

161 

143 

73 

26 

16 

20 


i)  NUMBER  OK  SUCCESSFUL  ASS(X  JATIONS 


1|  ~ 

2  »  12 

3  I  ♦•♦•♦♦♦♦♦♦♦♦♦  I  66 

4  |4444444444444444444444444  |  129 

5  |4446444444444444444444444*44444444444  j  189 

6  I  196 

7  I  212 

8  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  |  240 

9  14444444444444444444444444444  |  141 

10  |444444444  |  44 

11  |44444444444  |  57 


b)  NUMBER  OF  MISSED  ASSOCIATION? 


2  14444444444444444644444444644444644444444444444444444444444  |  73 

3  !♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  |  71 

4  I |  71 

5  !♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  |  69 

f  6  |  69 

JJ  7  !♦♦♦♦«♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦  I  66 

SI  |  65 

9  | 4 44 44 4444 44 4444444444 46446444444464444444444444444444 444444 4  1  76 

10  | 44444 444444 444 444 44464444#4 66 46 44644 444 6664444 4444444644 4 44 444  |  78 

11  | 444444 444 464*64 4 46666444 6466444 44 64 4444644 4446 4644444444 4  |  71 

12  14444644444444644444444444444444444444444444444444444444644  |  76 

13  144444444664644444444444444444444444444444446444444444  |  67 

16  |4444444444444644444644444444444444444444444444444444444  |  69 

15  |444444464444444644444444444444444644444444444644446444444  |  71 


c)  PERCENT  ASSOCIATION 

NOTE;  1.  DATA  TRUNCATED  AT  10  NMI 
AND  15°  DEPRESSION  ANCLE 

2.  DENSITY  ■  THE  NUMBER  Op 
AIRCRAFT  WITHIN  10  NMI 


FKSUREAiS 

ARTS  ASSOCIATION  VS.  AIRCRAFT  DENSITY  (BASIC) 


1 

l 

I 
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f.  I 

il  * 

n  10 

1 1 
12 


1  ^ 
1u 


a)  NUMBER  OF  SUCCESSFUL  ASSOCIATIONS 


12 

61 

122 

166 

155 

209 

160 

118 

41 

20 

36 

12 

11 

8 
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*>)  NIMBER  OF  MISSED  ASSOCIATIONS 


1  I 

2  I  ♦♦ 

j  !♦♦♦♦♦♦♦♦♦♦♦♦ 

4  !•*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

>-  6  |444444444*444444444444444444444 

£  7  |44444444444444444444444444444444444444444 

10  !♦♦♦♦♦♦♦♦ 

11  |  ♦♦♦♦ 

12  I  ♦♦♦♦♦♦♦ 

U  I  ♦  ♦ 

14  |  ♦  ♦ 

15  |  ♦ 

16  I* 


Jl 

145 

310 

416 

515 

625 

526 

470 

166 

140 

151 

60 

2b 

6 

10 


i  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦#♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  I  ^ 

1  | 44444444444 I 

4  !♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  1  72 

5  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  I  72 

f „  6  !♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  I  77 

E  7  | 4 44 4444 44444444 444444 444 44444 44 444444444 4444444 444 444444444  I  75 

a?  8  1 4 4444 44 44 44 44 444 44444 444 44444444444444444444444444444 444444 4 4  |  77 

§  9  | 4444444 ♦♦444444444444444444444444*4444444444444444444 #4444444444  |  80 

10  |4444444444444444444444444444444444444444444444444444444444444444  |  80 

11  |♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦4♦♦44♦4♦4444♦♦4444♦444♦♦44♦4♦♦♦44444♦♦4♦♦♦♦44♦4♦♦♦  j  87 

12  |44444444444  4444  44  4444444444  4444  44 44  444 44444  4444 44 44444 44 44 44 4 44 4  |  81 

13  | 4 4444444444 44 4444 4444444444 444444444444444444444444444444444444444  |  83 

14  |444#44444444444444444444444444444444444444444444444444444  |  72 

15  |  4 44 ♦♦ 44 4 4 44 44444444444444444444444  I  83 

16  | 4  4 44444 4444  444  44444444444444444444444444444  4444444444  j  67 


c)  PERCENT  ASSOCIATION 


1.  OATA  TRUNCATED  AT  10  NHI 
AND  15°  DEPRESSION  ANGLE 


2.  DENSITY  ■  THE  NUMBER  OF 
AIRCRAFT  WITHIN  10  NHI 


FIGURE  A- 18 

ANTI  ASSOCIATION  VS.  AIRCRAFT  DENSITY  (WHISPER -SHOUT) 
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a)  NUMBER  OF  SUCCESSFUL  CORRELATIONS 


0 

|  141 

1 

|  162 

2 

|  163 

3 

|  114 

6 

I  77 

5 

1  ♦♦♦ 

1  34 

6 

1  ♦ 

1  12 

7 

1  ♦ 

1  12 

8 

1 

1  3 

9 

1 

|  1111 

10 

1 

|  1111 

11 

1 

|  1111 

12 

1 

|  1111 

13 

1 

|  1111 

14 

1 

|  1111 

15 

1 

|  1111 

16 

i 

|  1111 

b)  NUMBER  OF  COASTS 


o  . . ♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

1  I************************************************************** 

2  I  *•♦♦«♦♦»»♦♦♦«♦•»♦♦»•♦♦♦•♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦«♦♦♦♦♦ : 

3  j  saaaaaa ♦♦♦♦♦♦♦♦♦♦♦♦♦♦aaaaaa 

S  . . 

* 

•  |  . . . . . . 

»  I 

10  I 

11  I 

12  | 

13  I 
10  I 
15  I 
1*  I 


c)  PERCENT  CORRELATION 


FIGURE  A-17 

•CM  TRACK  CORRELATION  V*.  OVERLAPS  (BASIC) 
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63 
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DATA  TRUNCATED  AT  10  NMI 
AND  15°  DEPRESSION  ANCLE 


OVERLAPS 


0  J  5W 

1  |  t16 

2  1*44444444444*444444444444444444444444444444444444444444444444444444  |  b7«, 

I  |44444«444444*444444*444444444444444-4*4444444444444444  |  %1|0 

«  I********* . .  |  279 

S  |44444*4444444  |  1J1 

««  *>  !♦♦♦♦♦♦♦  I  7a 

3  7  I  j« 

*  **  i  r  7 

r  ^  i  ii 
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